The production of concrete requires aggregate as an inert filler to provide bulk volume as well as stiffness to concrete. Crushed aggregates are commonly used in concrete which can be depleting the natural resources and necessitates an alternative building material. This led to the widespread research on using a viable waste material as aggregates. Fly ash is one promising material which can be used as both supplementary cementitious materials as well as to produce light weight aggregate. Artificial manufactured lightweight aggregates can be produced from industrial by-products such as fly ash, bottom ash, silica fume, blast furnace slag, rice husk, slag or sludge waste or palm oil shell, shale, slate, clay. The use of cost effective construction materials has accelerated in recent times due to the increase in the demand of light weight concrete for mass applications. This necessitates the complete replacement or partial replacement of concrete constituents to bring down the escalating construction costs. In recent times, the addition of artificial aggregates has shown a reasonable cut down in the construction costs and had gained good attention due to quality on par with conventional aggregates.
INTRODUCTION
Presently in India the power sector depends on coal based thermal power stations which produces a huge amount of fly ash and estimated to be around 110 million tonnes annually. The utilization of fly ash is about 30% as various engineering properties requirements that is for low technical applications such as in construction of fills and embankments, backfills, pavement base and sub base course; intermediate technical application such as in producing blended cement, concrete pipes, precast/ prestressed products materials, lightweight concrete bricks/blocks, autoclaved aerated concrete and lightweight aggregate (Baykal and Doven, 2000) . Lightweight concrete is produced in different categories based on the no-fines concrete, aerated cellular concrete and lightweight aggregate concrete. With increasing concern over the excessive exploitation of natural aggregates, synthetic lightweight aggregate produced from environmental waste is a viable new source of *Corresponding author. E-mail: sivakumara@vit.ac.in. structural aggregate material. The uses of structural grade lightweight concrete reduce considerably the selfload of a structure and permit larger precast units to be handled. For example the Autoclaved cellular concrete (ACC), is a lightweight concrete material, which can be manufactured using 60 to 75% fly ash by weight (Ahmaruzzaman, 2010) .
One of the common techniques while producing the lightweight aggregate is by agglomeration technique. In agglomeration technique the pellet is formed in two ways either by agitation granulation and compaction. The agitation method is not taking any external force rather than rotating force. With increase in the dosage of water in the binder the cohesive force of the particles increase. Sintering, auto claving and cold bonding are three different processes to harden the green pellet (Bijen, 1986) . The partial replacement of normal weight aggregate is 20 to 40% by the volume of lightweight aggregate with difference of the compressive strength as 1% only (Behera et al., 2004) . This paper is to review on the application of using fly ash lightweight aggregate based on the cost, which method to fallow for manufacturing (Bijen, 1986) .
LWA, mix proportions, strength improving physical and mechanical properties of lightweight aggregate concrete. Lightweight aggregate concrete is used for structurally lightweight structure, it reducing the density of concrete also over all weight of the structure.
PELLETIZING PROCESS
The desired grain size distribution of an artificial lightweight aggregate is either crushed or by means of agglomeration process. The pelletization process is used to manufacture lightweight coarse aggregate; some of the parameters need to be considered for the efficiency of the production of pellet such as speed of revolution of pelletizer disc, moisture content, angle of pelletizer disc and duration of pelletization . The different types of pelletizer machine were used to make the pellet such as disc or pan type, drum type, cone type and mixer type. With disc type pelletizer the pellet size distribution is easier to control than drum type pelletizer. With mixer type pelletizer, the small grains are formed initially and are subsequently increased in particle size by disc type pelletization (shown in Figure 1 , Bijen, 1986) . The disc pelletizer size is 570 mm diameter and side depth of the disc as 250 mm, it is fixed in a flexible frame with adjusting the angle of the disc as 35 to 55° and to control for the rotate disc in vertically manner should varying speed as 35 to 55 rpm shown in Figure 2 (Manikandan and Ramamurthy, 2007) . In a cold bonded method is to made the increase the strength of the pellet as to increase the fly ash/cement ratio as 0.2 and above (by weight) (Yang, 1997) . Moisture content and angle of the disc parameter influence the size growth of pellets . The dosage of binding agent is more important for making flyash balls Sivakumar and Gomathi 43 and the optimum range was found to be around 20% to 25% by the total weight of binders (Bijen, 1986) . Initially some percentage of water is added in the binder and then poured in a disc; remaining water is sprayed during the rotating period because while rotating without water in the disc the fly ash powder tends to form lumps and does not increase the distribution of particle size. The pellets are formed approximately in duration of 20 min.
HARDENING PROCESS IN LWA
The two major classes of fly ash are specified in ASTM C 618, namely class-C and class-F classified based on the chemical composition resulting from the different types of coal burning. Class-C fly ash is normally produced from the burning of sub-bituminous coal and lignite and class-C fly ash. The flyash aggregates are porous material and to improve the strength of the pellet the binder material like cement, lime, bentonite, metakaolin, kaolinite, glass powder and ceramic powders are added. The clay binders like metakaolin and kaolinite gives higher fines value (Geetha and Ramamurthy, 2011 Discharge Rotation adopted for high-early strength (Manikandan and Ramamurthy, 2008) . A higher strength of the aggregate can be obtained at 8 to 10 h in autoclave curing (Bekir and Tayfun, 2007) . Sintering process can be defined as burning the cold bonded pellet in a muffle furnace at temperature range of 800 to 1200°C. The mineral particles in the binder fuse together to form the crystalline structure (CSH) and results in higher strength of the aggregate. Therefore sintered fly ash lightweight aggregate production is more convenient while replacing the normal weight aggregate to lightweight aggregate (Verma et al., 1998) .
MIX DESIGN OF LWAC
The mix design of lightweight aggregate concrete is not same as the conventional concrete mix design. Since the aggregates are porous and results in compensation of extra water for obtaining more workability. The mix design concepts are usually based on the production of higher strength matrix to low water cement ratio for the weaker aggregate. Therefore in ordinary concrete, the number of batches that are necessary to determine the best composition can be reduced to a minimum. But in a Lightweight aggregate concrete mix design more complicated for adding of water, LWA is a porous aggregate so we need extra water in the concrete (Grubl, 1979) . The gradation of aggregate with different aggregate grading size distributions are required to improve the engineering properties in the concrete mix (Sari and Pasamehmetoglu, 2005) .
The self-consolidating properties of lightweight aggregate concrete can be obtained by means of densified mixture design algorithm (DMDA) which gives higher strength, flow-ability and excellent durability as compared to the ACI 211.11 method (Chao-Lung and Meng-Feng, 2005) . The design of lightweight aggregate are followed in two methods; loose volume calculation and absolute solid volume calculation (Wang et al., 2005) . In mix proportion the LWA are mixed in different status while fully saturated condition, partially saturation condition and dry condition. The lightweight aggregate is pre-wetting before addition of concrete mix. The Polyurethane (PUR) foam waste as a lightweight aggregate were prepare before mixing in a concrete mix while LWA were immersed in water of 24 h to improve the workability of concrete (Amor et al., 2010) . The selection of sand-aggregate ratio is 28 to 42% in the mix proportion, which can influence the compressive strength and regulate the workability of concreter (Wang et al., 2005) .
The strength of concrete is equal to the effective water to binder ratio which is chosen as 0.26. The quantity of the ingredients can be selected the volume of coarse aggregate to total volume of aggregate ratio as 0.6; based on the cold-bonded fly ash aggregate the quantity of cement content as 551 kg/m 3 greater than sintered fly ash aggregate as around 548 kg/m 3 . Both type of lightweight aggregate concrete had shown the higher compressive strength . Lightweight concrete incorporating the bottom ash and the sintered fly ash in the concrete should increase the permeability; by replacing 30% of OPC with fly ash, to improve the permeability of LWC (Yun Bai et al., 2004) . Addition of admixture in the lightweight concrete is to increase the strength and elastic modulus. The addition of silica fume at 5 to 15% in the LWC can improve the strength properties while, replacements of 10% fly ash instead of cement in concrete can decrease strength as compared to without fly ash (Shannag, 2011) . A detailed mix proportion of light weight aggregate concrete adopted in different studies are given in Table 1 .
PHYSICAL PROPERTIES OF LWAC
The physical characteristics of the lightweight aggregate produced by pelletization are given in Table 2 (Bijen, 1986) . The moisture content and amount of binder can affect the size of fly ash aggregates thus formed. The fineness of the fly ash (414 m 2 /kg) gives the better pelletization efficiency compared to the coarser fly ash (257 m 2 /kg). Therefore finer fly ash needs the addition of the binder material and the addition of clay binder in the coarser fly ash will increase the pelletizing efficiency (Manikandan and Ramamurthy, 2007) . The specific gravity of fly ash lightweight aggregate is increase without adding binder and it's a denser structure. The addition of bentonite and glass powder in fly ash is to reducing the specific gravity as compare to lime and cement binder in fly ash .
Density of LWAC
The properties of lightweight aggregate can be improved with the addition of different binder at various percentage. Therefore, the percentage of binder increased vice versa density increase. Density of sintered fly ash aggregate with binder is decreased while increased the temperature range between 1150 to 1200°C. The bentonite and glass powder binder is melted and bloating firmly for rising temperature and the glassy particle filled the voids in a crystal form to improve the strength . The difference between the density of the prewetting and without pre-wetting PUR lightweight aggregate concrete is lower than 12 Kg/m 3 (Amor et al., 2010) . The density of shell aggregate is 28% lower than the normal aggregate (Okafor, 1988) 
POZZOLANIC REACTIVITY OF LWA MADE WITH FLY ASH
A pozzolanic reaction occurs between dissolved minerals 
STRENGTH PROPERTIES
The cement, lime and bentonite are used as a binder in 10, 20 and 30% by weight of fly ash for pelletization. It is also observed that the improvement in the 10% fines value and reduction in water absorption of sintered fly ash aggregate. For 10% fineness is used to test strength of lightweight aggregate. The addition of bentonite is to enhance the aggregate strength, cement is to give minimum strength and the lime is for improving the ballability. Therefore, the addition of 20% bentonite gives an optimal strength The strength of the LWAC with various binder content improves the strength properties of aggregate and given in Table 3 . The compressive strength of polypropylene fiber reinforced SLWC is higher than the steel fiber reinforced by 7 Mpa (Kayali et al., 2003) . Fiber reinforced concrete increase the tensile strength with low modulus of elasticity as well as reducing the shrinkage cracking in LWAC (Kayali et al., 1999) . The lightweight aggregate manufactured using pelletizing process gives a smooth surface after sintering process. The sintered fly ash aggregate (FAA) were crushed that is not invove pelletizing, the structure gives a rough surface and enhancing the compressive strength as 66.76 Mpa (Kayali, 2008) .
Expanded clay lightweight aggregate has higher porosity in the transition zone which may show significant effect on the permeability of lightweight concrete. The pre-wetting time of expanded clay lightweight aggregate were critically affected the strength and slump of the concrete (Lo et al., 1999) . The pore structure of the sintered pulverized fuel ash lightweight aggregate is approximate range of the pore size from 200 µm down to less than 1µm with all the size had been evenly distributed throughout the pellet and gives the better bond between the pellets and cement matrix (Swamy and Lambert, 1981) The high resolution optical microscope and image analysis software were used to find out the pore area percentage and pore size distribution in the cement paste and the interfacial zone of concrete cured at 28 days. The transition zone is a weak zone of more porous in nature between the aggregate and cement matrix. The experimental results of lightweight aggregate show large water absorption range from 8.9 to 11% which produce greater pore percentage as 14.4 and 21.7% at the interfacial zone (Lo et al., 2006) . Therefore, lightweight aggregate is more porous from the outer layer and it present dense interfacial zone for the aggregate without any outer layer. So that the aggregate gives better bond appeared due to the mechanical interlocking between aggregate and the cement paste (MinHong and Gjorv, 1990) . The use of silica fume for adding in LWC is to improve the mechanical properties, but disadvantage of shrinkage performance is less compared to normal weight concrete (Mehmet et al., 2004) .
MICROSTRUCTURAL CHARACTERISTICS OF FLYASH AGGREGATE CONCRETE
The mechanical behavior and durability aspects of concrete affected by its aggregate and cement paste as well as the interfacial zone between them. Normal weight concrete the aggregatecement paste interface is the weakest part of the micro-structural system and the place where cracks begins, strongest component that is normal aggregate (Min-Hong and Gjorv, 1990) . But, the lightweight aggregate concrete is different to the interaction between the cement paste-aggregate is complex and it's vary to the normal aggregate concrete. This type of aggregate are porous in nature, the grains are capable of absorbing water which yielded to the surrounding matrix. The porosity of Lytag aggregate can vary between 25 to 75% depending on the manufacturing process used (Swamy and Lambert, 1981) . Many more research work to indentify the internal and external structure of lightweight aggregate, particularly cement matrix-aggregate interface carried out (Shondeep et al., 1992) . For applied micromechanical method considered the perfect bonding between the aggregate and mortar (Chung-Chia and Ran, 1998). Normally sintered fly ash lightweight aggregate were produced by heat and polymer treatment so that to improve their strength, absorption and pozzolanic activity according to their properties of aggregate by change to the microstructure. SEM analysis to observe the higher magnification to see more uniform distribution of small pore size in the sintered fly ash aggregate at the temperature treated aggregate as 1200 to 1300°C (Weasserman and Bentur, 1997) . Mechanical interlocking plays an important role for strengthening the interface (Shondeep et al., 1992) . The effect of aggregate using is dry and prewetting lightweight aggregates on the ITZ microstructure. The thickness of ITZ around the dry aggregate is 10 µ less than the other prewetted and normal aggregate as 15 µ and beyond 35 µ respectively (Amir Elsharief et al., 2005) .
DURABILITY PROPERTIES OF HARDENED CONCRETE
Durability of concrete essentially dictates the permeability resistance of concrete and needs to be assessed for long time sustainability. The durability properties of lightweight aggregate concrete is given in Table 4 . Permeable concrete is significantly attack the concrete ingredients and accumulate water inside of concrete it caused deterioration of concrete and reinforcement. Normally permeable of water and chloride will be decrease when increase the age of concrete but in lightweight aggregate concrete will be more permeable than normal concrete. To carry out the chloride penetration test for LWBC gives the best performances compare to other type of lightweight aggregate concrete. Sintering lightweight aggregate concrete showed the low permeablity except cold-bonded lightweight aggregate at 28days.
Sintering and cold-bonded aggregate has highest chloride permeability with total charge passed values of 1464 and 586 coulombs at 28 days and 748 and 264 coulombs at 56 days . A sintered lightweight aggregate with bentonite is less water permeable compare to normal aggregate concrete. Almost glass powder, bentonite binder adding in the sintering aggregate which gives the best performance of water permeability test. In a cold-bonded process the water permeability is more than sintered process (Niyazi Ugur Kockal and Turan Ozturan, 2010; . The durability factor of the 4% air entrainment specimen gives the marginal freezing and thawing was 78 with compare to the 6% air entrainment specimen gives the good freeze-thaw resistance was 92 (Byung-Wan Jo et al., 2007) .
CONCLUSION
The potential applications of light weight aggregate are more phenomenal in terms of the usage as new construction materials. Cost effective construction practices with alternate construction materials are most desired in terms of huge savings in construction cost. Fly ash is not a waste and can be effectively used in concrete either as aggregate fillers, replacement for fine aggregates or as a fly ash brick material. The overall studies conducted by various researches shown that the fly ash aggregate produced by pelletization can be an effective aggregate in concrete production. Also, the efficiency of pelletization depends on the speed of the pelletizer, angle of the pelletizer and the type of binder added along with the fly ash. The cost effective and simplified production techniques for manufacturing fly ash aggregate can lead to mass production and can be an ideal substitute for the utilization in many infrastructural projects. In the near future the depletion of the nature resources for aggregate can be suitably compensated from the fly ash aggregate.
